The concentrations of airborne microbes, endotoxins and total dust were measured in one cigar and two cigarette factories in order to evaluate the risk of respiratory symptoms. The role of humidifiers as a source of microbes was investigated. Air samples for the analyses were collected near workers' breathing zones during different phases of production. Gram-negative bacteria, mesophilic fungi, thermotolerant fungi and thermophilic actinomycetes, but not Aspergillus glaucus fungi, were found in higher concentrations in the cigar factory than in the cigarette factories. High microbe concentrations (10 4 -10 5 cfu m~3) occurred throughout the production line in the cigar factory. The highest dust and endotoxin concentrations were found in the wick-making department in the cigar factory (3.3 mg dust per m 3 and 38 ng endotoxin per m 3 ) and during the weighing or handling of raw tobacco in the cigarette factories (4.5 mg dust per m 3 and 106 ng endotoxin per m 3 ). The spray humidifiers in the cigar factory were a more important source of microbes than was raw tobacco. In the cigarette factories, steam humidifiers were used; the humidified air was free of microbes. The microbe concentrations in the tobacco factories were lower than in environments known to have caused allergic alveolitis.
INTRODUCTION
The consequences of organic dust exposure on human health have been best documented among farmers exposed to a large variety of dust particles, for example bacteria, fungal and actinomycete spores, plant tissue particles, storage mites, animal hair or dander, and grain dust. Allergic alveolitis can be caused by mould dust arising from stored feed and bedding in agriculture (Pepys et al., 1963; , or by fungal spores released from raw tobacco (Huuskonen et al., 1984) . In Received 14 September 1999; in final form 10 February 2000. *Author to whom correspondence should be addressed. Tel.: +358-31-260-8655; Fax: +358-3-260-8699; E-mail: jukka.uittita occuphealth.fi tobacco workers, asthma and bronchitis are reported to be more common than in the general population (Lander and Gravesen, 1988) .
Because of the quality of the raw material used in the tobacco industry, air in the production area of factories is humidified either by humidifiers connected to the ventilation system or by separate humidifiers. These devices can cause microbiological problems if incorrectly maintained (Patterson et al., 1978; Rylander and Haglind, 1984) , especially in the case of so-called 'spray' humidifiers where water is aerosolized without heating or filtering from the reservoir to the ambient air (Ager and Tickner, 1983) . Humidifiers may be contaminated by a variety of microorganisms including Gram-negative bacteria (Lacey and Dutkiewicz, 1994) . Air humidifiers are considered important sources of airborne endotoxins (Jacobs, 1997) .
In one Finnish cigarette factory 15 of 57 workers (26%) had respiratory symptoms suspected of being related to the handling of raw tobacco (Huuskonen et ah, 1984) . These findings led to a national study in which exposure to hygienic factors and health risks were assessed in the tobacco industry. A crosssectional study of exposed cigar factory workers has been published separately (Uitti et ah, 1998) .
OBJECTIVES
In order to assess the risk of respiratory symptoms and allergic alveolitis in the tobacco industry, the microbial, endotoxin, and total dust concentrations were measured along the production lines of both cigarette and cigar manufacturing factories.
One practical aim of the study was to assess the role of humidifiers as a microbial source by also measuring the microbe concentration of humidified air.
MATERIAL AND METHODS
The present study was carried out in one cigar and two cigarette manufacturing factories. Air samples for microbe, total dust, and endotoxin analysis were collected at a distance of 30 cm from the workers' breathing zones at stationary sampling sites in the different phases of production (Fig. 1) . The cigarette factories were visited once during the study. The cigar factory was visited three times for the collection of samples for the microbiological analysis (in winter, spring and autumn), but the samples for endotoxins and the total dust concentrations were collected only once.
A six-stage fractionating impactor (model 10-800, Andersen Co., Georgia, USA) was used for cigarette production cigar production I • • • Fig. 1 . Simplified schemes of the process and sampling sites (SS) for microbes, total dust, and endotoxin analyses in cigarette and cigar production. In the cigarette factories (1) raw tobacco is stored in bales, before (2) being taken into the process for opening and weighing (two SS), then (3) raw tobacco is fed (SS) into the tearing machine, where tobacco is divided into the rib line (A) (SS) and leaf line (B) (SS). Homogenized tobacco (4) is blended, steamed and flavoured and dried before going into (5) silos (SS) from which tobacco is taken to (6) the cigarette making department (SS). In the cigar factory: (1) raw tobacco bales are kept in store until entering the process for (2) weighing (SS) and for (3) the manual loosening of leaves (SS); after (4) wetting, whole leaves are cut and taken to a cover leaf store (A) and to a binding leaf store (B) , and the rest is stored (after homogenization) for use as inner tobacco (C); (5) binding leaves and inner tobacco are used for wicks (two SS). In the cigar making department (6), leaves are stripped (ribs are removed from the leaves) (two SS) and (7) wicks are covered by the halves of the leaves to make a cigar (SS).
Health hazards in cigar and cigarette manufacturing 469 sampling air for the microbiological analysis (Andersen, 1958) . The sampling rate was about 29 1. min ', and the sampled air volume was 1001. At each sampling site, six successive air samples were taken for different microbial groups. Mesophilic fungi were analysed after seven days of incubation at 22 + 2°C on Hagen-medium (Russel, 1974) supplemented with streptomycin 35 mg I." 1 (Sigma) used to inhibit the growth of bacteria, and with rose Bengal 35 mg I." 1 (GuRR), used as a growth suppressant for fungi. Thermotolerant fungi were analysed after five days of incubation on the same medium at 40 + 2°C, and the analysis for xerotolerant fungi took place after seven days of incubation on malt-extract agar with 10% (w/w) NaCl (Terho, 1978) at 22 + 2°C. Mesophilic bacteria were counted after seven days of incubation at 22 + 2°C on tryptone glucose extract agar (Difco), supplemented with cycloheximide 500 mg l.~' (Sigma) to inhibit the growth of fungi. Gram-negative bacteria were counted after five days of incubation at 37 + 2°C on Les Endo agar (Difco). Thermophilic actinomycetes were analysed after three days of incubation at 55 + 20°C on half-strength nutrient agar (Corbaz et ah, 1963) . Fungi and actinomycetes were identified at the genus and species level using standard texts and keys. Observed colony counts were used for the calculations after positive hole correction according to the method of Andersen (1958) . The microbe concentrations have been expressed as colony-forming units per cubic metre of air (cfu m~3).
Air samples for the microbe analyses from incoming air were taken at a distance of 20 cm in front of ventilators. In the cigarette factories, replacement air was humidified by steaming, which is considered to be a safe method in regard to microbes (Brief and Bernath, 1988) . In the cigar manufacturing plant, spray humidifiers were used for the same purpose. If exceptionally high concentrations of microbes were found in humidified air, the quality and quantity of microflora in the humidifying water were also determined. Water samples were serially diluted and plated out for an evaluation of the growth of mesophilic fungi and bacteria. The incubation temperatures and times, as well as the media used, were the same for the water samples as for the corresponding microbe groups in the air samples. Because, in earlier clinical studies, the symptoms suggested organic dust toxic syndrome or allergic alveolitis (Huuskonen et ah, 1984) rather than infection, no attempt was made to assess the risk of Legionella. Tap water from the relevant factory was used as a control. The results have been expressed as colony-forming units per millilitre of water (cfu ml" 1 ).
The total dust concentrations were measured at the same sampling sites as those used for sampling airborne microbes, which were collected on filters in stationary samples according to Finnish Standard SFS 3860. The results have been expressed as milligrams of dust per cubic metre of air (mg m 3 ). Samples for the endotoxin analyses were taken at the same sampling sites as the other samples, using sterile Millipore-filters (pore size 0.45 um) on a membrane pump (type Reciprotor 406 G). The samples were treated using the method described by Rylander and Vesterlund (1982) . Endotoxin was analysed by modified spectrophotometry based on the Limulus amoebocyte lysate (LAL) enzyme (KabiVitrum Ltd., Diagnostic Division, Uxbridge, Middlesex, UK). The reference endotoxin used in the present study was E. co//026:B6 (Sigma); the results have been expressed as nanograms of endotoxins per cubic metre of air (ng m~3).
The ?-test was used to assess the statistical significance of the observed differences between the microbial concentrations measured in the cigarette and cigar factories after logarithmic transformation of the calculated values. The correlation coefficient was calculated to evaluate the relationships between the measured variables.
RESULTS
The highest total dust concentrations were found in the section where raw tobacco bales were opened (4.5 mg m~3) in the cigarette factories and in the wick-making department (3.3 mg m~3) in the cigar factory (Table 1) . The highest endotoxin concentrations observed were 10 6 ng m~3 and 10 5 ng m~3 during the weighing of western tobacco varieties and handling of raw tobacco, respectively, in the cigarette factories (Table 2 ). In the cigar factory, the maximum value measured was 38 ng m 3 in the wick-making department (Table 2) .
Mesophilic bacteria were the dominating microbes in the tobacco industry, other groups of airborne microbes being less abundant (Table 3 ). The concentration of mesophilic bacteria was about 60 times higher in the cigar factory than in the cigarette factories (Table 3) . Gram-negative bacteria were found in small concentrations in the cigar factory, but no Gram-negative bacteria were found in the air of the cigarette factories. All other microbes, with the exception of Aspergillus glaucus fungi, occurred in higher concentrations in the cigar factory than in the cigarette factories. In cigar manufacturing the amount of spores of xerotolerant fungi was about 60-fold, that of mesophilic fungi was about fivefold, that of thermotolerant fungi was about 20-fold, and that of thermophilic actinomycetes was about eightfold the corresponding amounts of these spores found in cigarette production (Table 3 ).
In the cigarette factories, the highest microbe concentrations were found in the early phases of the production line (Table 4) , in a pattern differing slightly from that found in the cigar factory ( Table 5) .
The most typical airborne fungi found were Aspergillus niger, Aspergillus umbrosus, Aspergillus fumigatus, other Aspergillus species, Penicillium species and yeasts. The fungi found in minor concentrations included Cladosporium cladosporioides, Paecilomyces variotii and Trichoderma viride.
In the cigarette factories, the concentrations of fungi and bacteria in incoming air [geometric means and geometric standard deviations (GSD) of 44 (GSD = 3) cfu m" 3 and 510 (GSD = 3) cfu m~3, respectively] were small in comparison with those in the breathing zones of the workers.
In the cigar factory, yeasts were common in the wick-making department, the cigar machine department and the packing department. In the early stages of production, Penicillium and Aspergillus species were characteristic of the aerospora found. P. variotii, Scopulariopsis brevicaulis and T. viride were typical fungi, especially in the weighing and loosening of tobacco leaves.
Other fungi found in the air samples collected in the tobacco industry include Rhizopus nigricans, Rhizopus rhizopodiformis, Mucor sp., Aspergillus flavus, Monocillium sp., Gonatobotrys sp., Oidiodendron sp., Aureobasidium pullulans, Humicola lanuginosa, Geotrichum candidum, Hyalodendron sp., and sterile, and thus unidentified, colonies. Alternaria and Stemphylium species were found occasionally, in small concentrations, in the earliest phases of the handling of raw tobacco.
In the cigar factory, the ventilation system was heavily contaminated with bacteria. Remarkably high concentrations of fungi and bacteria (1.9 x 10 2 (GSD = 3) cfu m" 3 and 7.1 x 10 4 (GSD = 4) cfu m 3 , respectively) were found in humidified air in the cigar factory. Microbiological analysis of the humidifying water revealed heavy growth of both fungi (mainly yeasts) and bacteria (concentrations of 5.0 x 10 4 cfu ml" 1 , and 3.0 x 10 6 cfu ml" 1 , respectively), in marked contrast to tap water, which showed no microbial growth.
The correlation between the total dust concentrations and the microbial concentrations was greater in the cigarette production (r = 0.997) than in the cigar production (r = 0.660), where humidifying had a considerable effect upon the microbial concentrations. No correlation was found between the amount of airborne Gram-negative bacteria and the endotoxin concentrations, but a good correlation was apparent between the total number of microbes and the endotoxin concentration, both in the cigarette factories (r = 0.898) and in the cigar factory (r = 0.835).
DISCUSSION
In our study high concentrations of airborne microbes were found at least in the initial phases of the cigarette and cigar manufacturing processes. Concentrations of airborne microbes were higher in the cigar factory than in the cigarette factories. In the cigar factory spray humidifiers were more important as sources of microbes than was the raw tobacco itself in that the concentrations of airborne microbes were much higher near the humidifiers than in the breathing zones of the workers. Fungal and actinomycete spores, which according to their taxa can be considered as originating from the surface of tobacco leaves, occurred in higher concentrations in the cigar factory than in the cigarette 
Significance of differences between the cigarette and
factories. This finding suggests that the handling of unprocessed tobacco (cover leaves of cigars) causes the release of microbes from this raw material even during the later stages of the production line in cigar manufacturing.
The concentrations of airborne microbes were low in the cigarette factories, except in the section where the raw tobacco bales were opened, where concentrations were highly dependent on the microbiological quality of raw tobacco, as has also been described in other studies (Huuskonen et al, 1984; Kjaergaard et al, 1986) . While growing in the field, the tobacco plant, Nicotiana, is typically colonized by S. brevicaulis and the Alternaria species (Ellis, 1971) , found in our study in moderate numbers during the weighing of tobacco. Penicillium and Aspergillus species, as well as thermotolerant fungi and thermophilic actinomycetes, participate in the microbiological deterioration of stored plant products (Festenstein et al., 1965) . In this study, the observed spore concentrations of these particular microbes were too low to be considered indicative of either extensive moulding or temperature elevation during the storage of raw tobacco.
The handling of processed tobacco in the cigarette factories did not cause an increase in microbe concentrations, even though Kurup et al. (1983) found high concentrations of thermophilic actinomycetes but no fungi in finished tobacco products.
The microbe concentrations in the tobacco factories were much lower than those found in occupational environments known to have caused allergic alveolitis among exposed workers Kotimaa et ah, 1984; KolmodinHedman et al, 1987) .
The total dust concentrations in the air were smaller than the hygienic limit value of 5 mg m~3 and thus cannot be considered harmful. Tobacco dust may, however, have toxic, immunosuppressive or irritative properties (Kjaergaard et al, 1986) and if so a lower reference value is needed. In our crosssectional study, although no excess of respiratory symptoms was found, the results of the questionnaire indicated that episodes of allergic alveolitis may have occurred among the cigar factory workers (Uitti et al, 1998) . However, in the absence of lung function impairment and radiological changes, it was not possible to distinguish between humidifier fever and allergic alveolitis. Thus, on the basis of these measurements and clinical observations, it was concluded that humidifier fever and allergic Table 4 . Concentrations of airborne microbes (cfu m 3 ) in the cigarette factories, expressed as arithmetic means (AM) and standard deviations (SD) . N is the number of observations. Numbers 1-4 refer to the working phases of cigarette manufacturing as follows: 1 = opening and weighing of tobacco; 2 = feeding of tobacco into tearing machine; 3 = silo; 4 = cigarette making department alveolitis constitute a risk for tobacco workers in exposure conditions including air humidifying. According to Rylander (1977) , endotoxin concentrations greater than 10 ng m~3 may cause airways inflammation in exposed persons. The Dutch Expert Committee on Occupational Standards has recommended an exposure limit of 4.5 ng m~" over an 8-h period of endotoxin exposure (Heederick and Douwes, 1997) . In our study, the observed concentrations in the cigar factory were higher than these values throughout the process, probably because of the humidifiers being contaminated with bacteria and endotoxin. In cigarette factories, high endotoxin concentrations were limited to the early phases of the process indicating the role of raw tobacco itself as a possible source. Raw tobacco may contain non-viable Gram-negative bacteria, or the bacterial cells might have lost their viability because of the impaction during the sampling. This possibility is suggested by the fact that, in the cigarette factories, there were no viable Gram-negative bacteria in the air, but endotoxin was found in measurable concentrations.
CONCLUSIONS
The following conclusions can be drawn from the results of our study:
1. Microbe concentrations in the tobacco industry in Finland are generally low; thus the risk of allergic alveolitis or alveolitis-like disease is also low. Airborne microbes in the handling of unprocessed raw tobacco may constitute a health risk to exposed tobacco workers. 2. In work environments in which humidifying is used for reasons associated with the production process, attention should be paid to the type of humidifiers used. Steaming is microbiologically the safest way of increasing the relative humidity of air, and, if spray humidifiers or evaporating devices are used, care should be taken to see that the equipment is correctly cleaned and serviced at regular intervals. 3. The high endotoxin concentrations constitute a health risk to the tobacco workers, whose exposure should be diminished by standard hygienic measures or personal protection equipment.
